SOLID-STATE IMAGING DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a soHd-state imaging device. In 

particular, the present invention relates to a soHd-state imaging device, such 
as an interline transfer type solid-state imaging device, configured in such a 
manner that signal charge generated and accumulated in a photoelectric 
converting region is read via a charge-coupled device (CCD). 

10 

2. Description of the Related Art 

Recently, a household video camera and digital camera using a 
soHd-state imaging device is used widely. In these cameras, an interline 
transfer type soUd- state imaging device is widely used, which reads signal 

15 charge generated and accumulated in a photoelectric converting region via a 
CCD. In sudi an interhne transfer type soUd-state imaging device, in order 
to reduce power consumption and allow a power source to be shared by the 
soUd-state imaging device and a hquid crystal monitor moimted thereon, an 
attempt has been made to reduce a read voltage. 

20 As an attempt to reduce a read voltage, a soUd-state imaging device 

has been proposed in which, among a plurahty of electric charge transfer 
electrodes constituting a vertical CCD, an electric charge transfer electrode 
that also functions as a reading gate for transmitting a signal charge 
generated and accumulated in a photoelectric converting region to the 

25 vertical CCD is configured so as to have an electrode length in a transfer 

direction longer than that of the other electric charge transfer electrodes (e.g., 
see JP 2950317). Hereinafter, a conventional interhne transfer type 
sohd-state imaging device with a reduced read voltage will be described. 

FIG. 17 is a view schematLcaUy showing an overall configuration of a 

30 conventional interline transfer type sohd-state imaging device. In FIG. 17, 
reference numeral 100 denotes a photodiode (PD) for performing photoelectric 
conversion. 200 denotes a vertical CCD for transferring signal charge in a 
vertical direction. 300 denotes a signal charge read portion for reading 
signal charge from the photodiode 100 to the vertical CCD 200. 400 denotes 

35 a horizontal CCD for transferring signal charge in a horizontal direction. 
500 denotes an output portion for detecting and amplifying signal charge. 
Generally, a region 'T' composed of the photodiode 100 for performing 
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photoelectric conversion and the vertical CCD 200 is called a pixel. 

The operation of the soUd-state imaging device thus configured is 
performed schematically as foUows. Each photodiode 100 generates and 
accumulates signal charge in accordance with the amount of incident hght by 
5 photoelectric conversion. During a vertical blanking period after the elapse 
of a predetermined accumulation period, the signal charge accumulated in 
the photodiode 100 is read collectively to the adjacent vertical CCD 200 via 
the signal charge read portion 300. Then, the signal charge is transferred 
downward in FIG. 17 through a plurality of vertical CCDs 200 in parallel on 

10 a stage basis, and the signal charge is transferred from the final transfer 
stage of each vertical CCD 200 to the horizontal CCD 400 on a row basis. 
Then, the signal charge is transferred successively leftward in FIG. 17 
through the horizontal CCD 400. The signal charge is converted to a voltage 
signal in the output portion 500, and thereafter, is output as a video signal in 

15 a temporal series. 

FIG. 18Ais a plan view showing a pixel configuration in the region "F 
shown in FIG. 17. FIG. 18B is a cross-sectional view taken along a line II-IT 
shown in FIG. 18 A. In FIG. 18Aor 18B, reference numeral 501 denotes a 
photoelectric converting region formed of an /2 tj^e diffusion layer. 502 

20 denotes a CCD channel region of the vertical CCD 200 formed of an /i type 
difiEusion layer. 503 denotes a first electric charge transfer electrode of the 
vertical CCD 200 formed of a first polysihcon layer. 504 denotes a second 
electric charge transfer electrode of the vertical CCD 200 formed of a second 
polysilicon layer. 505 denotes an electric charge read portion of the second 

25 electric charge transfer region 504, for reading electric charge from the 

photoelectric converting region 501. 506 denotes an n type semiconductor 
substrate. 507 denotes a p type weU. 508 denotes a p tj^e reading region 
for reading signal charge accumulated in the photoelectric converting region 
501 to the CCD channel region 502. 509 denotes a tyi^e device separation 

30 region for separating the photoelectric converting regions 501 and the CCD 
channel regions 502 from each other. 5 10 denotes a gate insulating film. 
511 denotes an interlayer insulating film for insulating the first electric 
charge transfer electrode 503 from the second electric charge transfer 
electrode 504. In FIG. 18B, OVl, a)V2, a>V3, and €>V4 denote transfer clocks. 

35 The signal charge generated and accumulated in the photoelectric 

converting region 501 by photoelectric conversion is read to the CCD channel 
region 502 through the p type reading region 508 by applying a read pulse 
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having a voltage amplitude of, for example, 8 to 15 V to the second electric 
charge transfer electrode 504. Thereafter, by applying a transfer pulse 
having a voltage ampHtude of, for example, -5 to -8 V to the first electric 
charge transfer electrode 503 and the second electric charge transfer 
5 electrode 504, the signal charge is transferred from right to left in FIG. 18B 
through the CCD channel region 502. The impurity concentration in the p 
type reading region 508 is set to be an appropriate value in such a manner as 
follows- when a read pulse is applied to the second electric charge transfer 
electrode 504, the /? type reading region 508 is conductive and completely 

10 transfers the signal charge in the photoelectric converting region 501 to the 
CCD channel region 502, and when a transfer pulse is apphed to the first 
electric charge transfer electrode 503 and the second electric charge transfer 
electrode 504, and the signal charge is transferred through the CCD channel 
region 502, the p type reading region 508 is kept in a non-conducting state. 

15 In order to read the electric charge accumulated in the photoelectric 

converting region 501 to the CCD channel region 502, it is required that the 
amphtude of a voltage to be apphed to the second electric charge transfer 
electrode 504 is 15 V or less due to the constraint of a driving circuit. Herein, 
when a width W (FIG. 18A) of the electric charge read portion 505 of the 

20 second electric charge transfer electrode 504 is narrow, which is defined by 
the device separation region 509 and the first electric charge transfer 
electrode 503, the p ts^je reading region 508 is unlikely to be conducted due to 
a narrow channel effect to increase a read voltage. 

In order to solve the above-mentioned problem, in a conventional 

25 sohd-state imaging device, the width W of the electric charge read portion 505 
is enlarged to such a degree that a narrow channel effect does not occur 
remarkably. More specifically, as shown in FIG. 18B, the electric charge 
read portion 505 is formed so that an electrode length L l of the second 
electric charge transfer electrode 504 that also fimctions as a reading gate is 

30 set to be longer than an electrode length L2 of the first electric diarge 
transfer electrode 503. 

In general, the transfer efficiency of a CCD is determined mainly by a 
fringe electric field generated between transfer electrodes. In particular, the 
transfer efficiency largely depends upon a minimimi electric field under a 

35 transfer electrode. As the minimum electric field becomes larger, a time 
(transfer time) required for transfer becomes shorter, whereby the transfer 
efficiency is enhanced. 



3 



FIG. 19Ais a cross-sectional view partially showing the vertical CCD 
shown in FIG. 18B. FIG. 19B shows a potential distribution in the channel 
region at an intermediate voltage while the vertical CCD is driven with 
four-phase transfer clocks of OVl, OV2, OV3, and OV4, whereby the first 
5 electric charge transfer electrode 503 supphed with OV2 changes from a 
middle level voltage Vvm to a low level voltage Vvl. FIG. 19C shows a 
potential distribution in the channel region at an intermediate voltage while 
the second electric charge transfer electrode 504 supphed with OVl changes 
from the middle level voltage Vvm to the low level voltage Vvl- In FIGS. 19B 

10 and 19C, a potential is shown with the downward direction being positive. 

As shown in FIG. 19A, in the conventional sohd-state imaging device, 
in order to reduce a read voltage, the electrode length LI of the second 
electric charge transfer electrode 504 is set to be longer than the electrode 
length L2 of the first electric charge transfer electrode 503. Therefore, a 

15 minimum electric potential 512 under the second electric charge transfer 
electrode 504 supphed with OVl appears at the center portion of the second 
electric charge transfer electrode 504 whose electrode length is formed long, 
as shown in FIG. 19C, and its value is decreased as the electrode length LI is 
longer. 

20 Thus, in the conventional sohd-state imaging device, as the electrode 

length LI of the second electric charge transfer electrode 504 is increased so 
as to reduce a read voltage, the minimum electric field becomes weak, 
decreasing the transfer efficiency. 

25 SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a sohd-state imaging device, in which even if an 
electrode length of an electric charge transfer electrode is set to be longer so 
as to reduce a read voltage, a transfer efficiency is enhanced by increasing a 

30 minimum electric field tmder the electric charge transfer electrode, whereby 
both a reduction in a read voltage and enhancement of a transfer efficiency 
are satisfied. 

In order to achieve the above-mentioned object, a soHd-state imaging 
device of the present invention includes' a pliirahty of second conductivity 
35 photoelectric converting regions formed on a surface region of a first 

conductivity semiconductor substrate or a first conductivity weU; a second 
conductivity CCD channel region provided adjacent to the photoelectric 
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convertdng regions; a first conductivity electric charge reading region 
provided between the photoelectric converting region and the CCD channel 
region; a first conductivity device separation region provided on 
circumferences of the photoelectric converting regions excluding the reading 
5 region; a plurality of first electric charge transfer electrodes provided on the 
CCD channel region; and second electric charge transfer electrodes provided 
between the plurality of fijrst electric charge transfer electrodes. The second 
electric charge transfer electrodes have an electrode length in an electric 
charge transfer direction longer than that of the first electric charge transfer 

10 electrodes, and function as an electric charge reading gate for reading electric 
charge from the photoelectric converting regions, and in the CCD channel 
region imder the second electric charge transfer electrodes, a potential 
gradient deepening in the electric charge transfer direction is provided. 

These and other advantages of the present invention wiU become 

15 apparent to tibiose skilled in the art upon reading and imderstanding the 
following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lAis a plan view showing a pixel configuration in a sohd-state 
20 imaging device according to Embodiment 1 of the present invention. 

FIG. IB is a cross-sectional view taken along a Une Il-ir shown in 
FIG. lA. 

FIG. 2 A is a cross-sectional view in one step of producing a vertical 
CCD shown by the cross-sectional view in FIG. IB. 
25 FIG. 2B is a cross sectional view in one step of producing the vertical 

CCD shown by the cross-sectional view in FIG. IB. 

FIG. 2C is a cross sectional view in one step of producing the vertical 
CCD shown by the cross-sectional view in FIG. IB. 

FIG. 3Ais a cross-sectional view partially showing the vertical CCD 
30 shown in FIG. IB or 2C. 

FIG. SB shows a potential distribution in a channel region at an 
intermediate voltage while the vertical CCD shown in FIG. BAis driven with 
four-phase transfer clocks of OVl, OV2, OV3, and OV4, whereby a first 
electric charge transfer electrode 503 suppHed with OV2 changes fi:om a 
35 middle level voltage Vvm to a low level voltage Vvl. 

FIG. 3C shows a potential distribution in a channel region at an 
intermediate voltage while the vertical CCD shown in FIG. 3Ais driven with 
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four-phase traasfer clocks of OVl, OV2, OVS, and OV4, whereby a second 
electric charge transfer electrode 504 suppUed with OVl changes from a 
middle level voltage Vvm to a low level voltage Vvl. 

FIG. 4 is a cross -sectional view showing a modified exemplary 
5 configuration of a vertical CCD in a soHd-state imaging device according to 
Embodiment 1 of the present invention. 

FIG. 5Ais a plan view showing a pixel configuration in a sohd-state 
imaging device according to Embodiment 2 of the present invention. 

FIG. 5B is a cross-sectional view taken along a line II— IF shown in 
10 FIG. 5A. 

FIG, 6 A is a cross-sectional view in one step of producing a vertical 
CCD shown by the cross-sectional view in FIG. 5B. 

FIG. 6B is a cross-sectional view in one step of producing the vertical 
CCD shown by the cross-sectional view in FIG. 5B. 
15 FIG. 6C is a cross- sectional view in one step of producing the vertical 

CCD shown by the cross-sectional view in FIG. 5B, 

FIG. 7Ais a cross-sectional view partially showing the vertical CCD 
shown in FIG. 5B or 6C. 

FIG. 7B shows a potential distribution in a diannel region at an 
20 intermediate voltage while the vertical CCD shown in FIG. 7Ais driven with 
four-phase transfer clocks of OVl, OV2, OVS, and OV4, whereby a first 
electric charge transfer electrode 503 supphed with <I)V2 changes from a 
middle level voltage Vvm to a low level voltage Vvl. 

FIG. 7C shows a potential distribution in a channel region at an 
25 intermediate voltage while the vertical CCD shown in FIG. 7Ais driven with 
four-phase transfer clocks of ^Vl, OV2, OV3, and 5>V4, whereby a second 
electric charge transfer electrode 504 supphed with OVl changes from a 
middle level voltage Vvm to a low level voltage Vvl- 

FIG. 8 is a cross-sectLonal view showing a modified exemplary 
30 configuration of a vertical CCD in a sohd-state imaging device according to 
Embodiment 2 of the present invention. 

FIG. 9 A is a plan view showing a pixel configuration in a sohd-state 
imaging device according to Embodiment 3 of the present invention. 

FIG. 9B is a cross-sectional view taken along a hne II-II' shown in 
35 FIG. 9A. 

FIG. 10 A is a cross-sectional view in one step of producing a vertical 
CCD shown by the cross-sectional view in FIG. 9B. 
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FIG. lOB is a cross-sectional view in one step of producing the vertical 
CCD shown by the cross-sectional view in FIG. 9B. 

FIG. IOC is a cross-sectional view in one step of producing the vertical 
CCD shown by the cross -sectional view in FIG. 9B. 
5 FIG. lOD is a cross-sectional view in one step of producing the 

vertical CCD shown by the cross-sectional view in FIG. 9B. 

FIG. 11 A is a cross-sectional view partially showing the vertical CCD 
shown in FIG. 9B or lOD. 

FIG. IIB shows a potential distribution in a channel region at an 
10 intermediate voltage while the vertical CCD shown in FIG. 11 A is driven with 
four-phase transfer clocks of OVl, OV2, OV3, and 3>V4, whereby a first 
electric charge transfer electrode 503 suppMed with OV2 changes from a 
middle level voltage Vvm to a low level voltage Vvl. 

FIG. lie shows a potential distribution in a channel region at an 
15 intermediate voltage while the vertical CCD shown in FIG. 11 A is driven with 
four-phase transfer clocks of OVI, OV2, OV3, and €>V4, whereby a second 
electric charge transfer electrode 504 supphed with OVl changes fi:om a 
middle level voltage Vvm to a low level voltage Vvl. 

FIG. 12 A is a plan view showing a modified example of a pixel 
20 configuration in a solid-state imaging device according to Embodiment 3 of 
the present invention. 

FIG. 12B is a cross-sectional view taken along a Une II-II' shown in 
FIG. 12A. 

FIG. 13Ais a plan view showing a pixel configuration in a soUd-state 
25 imaging device according to Embodiment 4 of the present invention. 

FIG. 13B is a cross-sectional view taken along a line II— 11' shown in 
FIG. 13A. 

FIG. 14Ais a cross sectional view partially showing a vertical CCD 
shown in FIG. 13B. 

30 FIG. 14B shows a potential distribution in a channel region at an 

intermediate voltage while the vertical CCD shown in FIG. 14Ais driven 
with four-phase transfer clocks of OVl, OV2, OV3, and OV4, whereby a first 
electric charge transfer electrode 403 supphed with OV2 changes firom a 
middle level voltage Vvm to a low level voltage Vvl. 

35 FIG. 14C shows a potential distribution in a channel region at an 

intermediate voltage while the vertical CCD shown in FIG. 14Ais driven 
with four-phase transfer clocks of OVl, OV2, OV3, and OV4, whereby a 
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second electric charge transfer electrode 504 supplied with OVl changes from 
a middle level voltage Vvm to a low level voltage Vvl. 

FIG. ISAis a plan view showing a modified example of a pixel 
configuration in a soHd-state imaging device according to Embodiment 4 of 
5 the present invention. 

FIG. 15B is a cross-sectional view taken along a line II-II' shown in 
FIG. 15A. 

FIG. 16Ais a plan view showing another modified example of the 
pixel configuration in the soHd-state imaging device according to Embodiment 
10 4 of the present invention . 

FIG. 16B is a cross- sectional view taken along a line II-II' shown in 
FIG. 16A. 

FIG. 17 is a view schematically showing an entire configuration of a 
conventional interline transfer type sohd state imaging device. 
15 FIG. 18 A is a plan view showing a pixel configuration in the 

conventional solid-state imaging device. 

FIG. 18B is a cross-sectional view taken along a line II— 11' shown in 
FIG. ISA. 

FIG. 19Ais a cross- sectional view partially showing a vertical CCD 
20 shown in FIG. 18B. 

FIG. 19B shows a potential distribution in a channel region at an 
intermediate voltage while the vertical CCD shown in FIG. 19Ais driven 
with four-phase transfer clocks of OVl, OV2, OV3, and <I)V4, whereby a first 
electric charge transfer electrode 503 supphed with OV2 changes firom a 
25 middle level voltage Vvm to a low level voltage Vvl. 

FIG. 19C shows a potential distribution in a channel region at an 
intermediate voltage while the verticed CCD shown in FIG. 19 A is driven 
with four-phase transfer clocks of OVl, OV2, OV3, and OV4, whereby a 
second electric charge transfer electrode 504 suppHed with OVl changes from 
30 a middle level voltage Vvm to a low level voltage Vvl. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be described by way of 
preferred embodiments with reference to the drawings. In each of the 
35 following embodiments, the overall configuration, read of signal charge, and a 
transfer operation of an interline transfer type sohd-state imaging device are 
the same as those in the conventional example described with reference to 
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FIG. 17. Each of the following embodiments is different from the 
conventional example in a portion constituting a pixel, in particular, a 
configuration of a vertical CCD. Thus, in the following description, the 
configuration of a vertical CCD and the production method wiQ be described 
5 mainly. The components having the same configurations as those in the 

conventional example are denoted with the same reference numerals as those 
therein, and the description thereof wiU be omitted here. 

Embodiment 1 

10 FIG. lAis a plan view showing a pixel configuration in a soUd-state 

imaging device according to Embodiment 1 of the present invention. FIG. 
IB is a cross-sectional view taken along a line II-II' shown in FIG. lA. 

In FIGS. lAand IB, Embodiment 1 is different from the conventional 
example shown in FIGS. 18A and 18B ia that rr type potential level 

15 difference regions 113 for forming a potential gradient are provided on an 
upstream side in an electric charge transfer direction of a CCD channel 
region 102 xmder second electric charge transfer electrodes 504. 

Next, a method for producing such a sohd-state imaging device will be 
described with reference to FIGS. 2A, 2B, and 2C. FIGS. 2A to 2C are 

20 cross-sectional views in each production step for the vertical CCD shown by 
the cross-sectional view in FIG. IB. 

First, as shown in FIG. 2 A, a p type weU 507 is formed by implanting 
a p type impurity into an n t5T)e semiconductor substrate 506. A CCD 
channel region 102 is formed by implanting an n type impurity into a surface 

25 region of the p type well 507. A gate iasulating film 5 10 is formed by 

growing a thermal oxide film and a chemical vapor deposition (CVD) nitride 
film on a surface of the CCD channel region 102. First electric charge 
transfer electrodes 503 are provided by forming a first polysihcon layer on the 
gate insulatiag film 510, and removing portions of the first polysilicon layer 

30 by patterning. 

Next, as shown in FIG. 2B, a photoresist 116 haviug openings on an 
upstream side in an electric charge transfer direction of tiie first electric 
charge transfer electrodes 503 is formed. Using the photoresist 116 and the 
first electric charge transfer electrodes 503 as a mask, a p t5T)e impurity such 

35 as boron is implanted in a self- alignment manner, whereby the ir type 
potential level difference regions 113 are formed. 

Next, as shown in FIG. 2C, the photoresist 116 is removed, and 
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thereafter, the circumferences of the first electric charge transfer electrodes 
503 are thermally oxidized to form an interlayer insulating film 511. Then, 
second electric charge transfer electrodes 504 composed of a second 
polysilicon layer are formed between the first electric charge transfer 
5 electrodes 503 on the gate insidating film 510, whereby a sohd-state imaging 
device according to Embodiment 1 is produced. 

Next, the advantages of the soUd state imaging device thus produced 
will be described with reference to FIGS. 3A, 3B, and 3C. 

FIG. 3Ais a cross-sectional view partially showing the vertical CCD 

10 shown in FIG. IB or 2C. FIG. 3B shows a potential distribution in a channel 
region at an intermediate voltage while the vertical CCD shown in FIG. 3Ais 
driven with four-phase transfer clocks of OVl, OV2, OV3, and 3)V4, whereby 
the fijrst electric charge transfer electrode 503 supphed with OV2 changes 
from a middle level voltage Vvm to a low level voltage Vvl. FIG. 3G shows a 

15 potential distribution in a channel region at an intermediate voltage while 
the second electric charge transfer electrode 504 supplied with OVl changes 
from a middle level voltage Vvm to a low level voltage Vvl- In FIGS. 3B and 
3C, a potential is shown with the downward direction being positive. 

As described above, generally, the transfer efficiency of a CCD is 

20 determined mainly by a fdnge electric field generated between transfer 
electrodes. In particular, the transfer efficiency largely depends upon a 
minimum electric field under a transfer electrode. As the minimum electric 
field is larger, a time (transfer time) required for transfer becomes shorter, 
whereby the transfer efficiency is enhanced. 

25 As shown in FIG. 3A, in the soUd-state imaging device according to 

Embodiment 1, in order to reduce a read voltage, an electrode length LI of 
the second electric charge transfer electrode 504 is set to be longer than an 
electrode length L2 of the first electric charge transfer electrode 503. At the 
same time, the zr type potential level difference regions 113 for forming a 

30 potential gradient are provided in the CCD channel region 102 under the 
second electric charge transfer electrodes 504. 

Consequently, as shown in FIG. 3C, xmder each second electric charge 
transfer electrode 504, one step of potential level difference 114 is formed by 
the IT type potential level difference region 113. A minimum electric field 

35 112 xmder the second electric charge transfer electrode 504 becomes larger 
than the minimum electric field 512 of the conventional solid-state imaging 
device. 
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Thus, in the sohd-state imaging device according to Embodiment 1, 
even if the electrode length Ll of the second electric charge transfer electrode 
504 is set to be longer than the electrode length L2 of the fixst electric charge 
transfer electrode 503 so as to reduce a read voltage, the minimum electric 
5 field 112 under the second electric charge transfer electrode 504 can be 

increased by forming the rr type potential level difference regions 113 on an 
upstream side in an electric charge transfer direction of the CCD channel 
region 102 under the second electric charge transfer electrodes 504. 
Therefore, both a reduction in a read voltage and enhancement of a transfer 

10 efELciency can be satisfied. 

Furthermore, in the sohd-state imaging device according to 
Embodiment 1, by forming the ir type potential level difference regions 113 
in parts of the CCD channel region 102, the spread of the potential of the rr 
type potential level difference region 113 is suppressed compared with the 

15 conventional sohd-state imaging device. This can reduce smear occurring by 
photoelectric conversion in the regions other than the CCD channel region 
102, due to the direct flow of electric charge into the CCD channel region 102, 
and also can reduce a dark current generated ia the rr type potential level 
difference regions 113. 

20 Furthermore, according to the method for producing a sohd-state 

imaging device according to Embodiment 1, the upstream end in an electric 
charge transfer direction of the 72" type potential level difference region 113 
can be formed in a self- alignment manner with respect to the first electric 
charge transfer electrode 503. Therefore, the ir type potential level 

25 difference region 113 does not come under the first electric charge transfer 
region 503 due to the misalignment of a mask, and a gap is not formed 
between the upstream end of the rr type potential level difference region 113 
and the downstream end of the fiirst electric charge transfer electrode 503 in 
an electric charge transfer direction. Therefore, a sohd-state imaging device 

30 with a high transfer efficiency can be produced stably. 

In Embodiment 1, the case where one step of potential level difference 
is provided by forming one ir type potential level difference region 113 under 
each second electric charge transfer electrode 504 has been described and 
illustrated. However, the present invention is not limited thereto. As 

35 shown in FIG. 4 as a modified example of Embodiment 1, two or more steps of 
potential level differences may be formed by a method for forming an ir type 
potential level difference region 113a and an rr~ type potential level 
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difference region 113b in the CCD channel region 102 under each second 
electric charge transfer electrode 504. This further enlarges the minimum 
electric field under the second electric charge transfer electrode 504. 
Therefore, the transfer efl&ciency can be enhanced further. 

5 

Embodiment 2 

FIG. 5 A is a plan view showing a pixel configuration in a sohd- state 
imaging device according to Embodiment 2 of the present invention. FIG. 
5B is a cross-sectLonal view taken along a hne II-II' shown in FIG. 5A. 

10 In FIGS. 5Aand 5B, Embodiment 2 is different from Embodiment 1 

shown in FIGS. lA and IB, in that ty^e potential level difference regions 
215 for forming a potential gradient are provided on a downstream side in an 
electric charge transfer direction of the CCD channel region 202 under the 
second electric charge transfer electrodes 504. 

15 Next, a method for producing such a soUd-state imaging device will be 

described with reference to FIGS. 6A, 6B, and 6C. FIGS. 6A to 6C are 
cross-sectional views in each production step for a vertical CCD shown by the 
cross-sectional view in FIG. 5B. 

First, as shown in FIG. 6A, a p type well 507 is formed by implanting 

20 B,p type impurity into an n type semiconductor substrate 506. A CCD 

channel region 202 is formed by implanting an n type impurity into a surface 
region of the p type well 507. A gate insulating film 510 is formed by 
growing a thermal oxide film and a CVD nitride film on a surface of the CCD 
channel region 202. First electric charge transfer electrodes 503 are 

25 provided by forming a first polysilicon layer on the gate insulating film 5 10, 
and removing the first polysiUcon layer by patterning. The process up to 
here is the same as that of Embodiment 1. 

Next, as shown in FIG. 6B, a photoresist 216 having openings on a 
downstream side in an electric charge transfer direction of Hie first electric 

30 charge transfer electrodes 503 is formed. Using the photoresist 2 16 and the 
first electric charge transfer electrodes 503 as a mask, an n type impurity 
such as boron and arsenic is implanted in a self- alignment manner, whereby 
an it type potential level difference region 215 is formed. 

Next, as shown in FIG. 6C, the photoresist 216 is removed, and 

35 thereafter, the circumferences of the first electric charge transfer electrodes 
503 are thermally oxidized to form an interlayer insulating film 511. Then, 
second electric chairge transfer electrodes 504 composed of a second 
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polysilicon layer are formed between the first electric charge transfer 
electrodes 503 on the gate insulating film 510, whereby a sohd-state imaging 
device according to Embodiment 2 is produced. 

Next, the advantages of the sohd-state imaging device thus produced 
5 will be described with reference to FIGS. 7A, 7B, and 7C. 

FIG. 7Ais a cross-sectional view partially showing the vertical CCD 
shown in FIG. 5B or 6C. FIG. 7B shows a potential distribution in a channel 
region at an intermediate voltage while the vertical CCD shown in FIG. 7Ais 
driven with four-phase transfer clocks of OVl, OV2, OV3, and <I>V4, whereby 

10 the first electric charge transfer electrode 503 supphed with OV2 changes 
from a middle level voltage Vvm to a low level voltage Vvl. FIG. 7C shows a 
potential distribution in a channel region at an intermediate voltage while 
the second electric charge transfer electrode 504 suppHed with OVl changes 
from a middle level voltage Vvm to a low level voltage Vvl. In FIGS. 7B and 

15 7C, a potential is shown with the downward direction being positive. 

As described above, generally, the transfer efficiency of a CCD is 
determined mainly by a firinge electric field generated between transfer 
electrodes. In particular, the transfer efficiency largely depends upon a 
minimum electric field under a transfer electrode. As the minimum electric 

20 field is larger, a time (transfer time) required for transfer becomes shorter, 
whereby the transfer efficiency is enhanced. 

As shown in FIG. 7A, in the soUd-state imaging device according to 
the present embodiment, in order to reduce a read voltage, an electrode 
length Ll of the second electric charge transfer electrode 504 is set to be 

25 longer than an electrode length L2 of the first electric charge transfer 

electrode 503. Simultaneously, type potential level difference regions 215 
for forming a potential gradient are provided on a downstream side in an 
electric charge transfer direction of the CCD channel region 202 under the 
second electric charge transfer electrodes 504. 

30 Consequently, as shown in FIG. 7C, under the second electric charge 

transfer electrode 504, one step of potential level difference 214 is formed by 
the /r*" tj^e potential level difference region 2 15. A minimum electric field 
212 under the second electric charge transfer electrode 504 becomes larger 
than a minimum electric field 5 12 of the conventional solid-state imaging 

35 device. 

Thus, in the sohd-state imaging device according to Embodiment 2, 
even if the electrode length Ll of the second electric charge transfer electrode 
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504 is set to be longer than the electrode length L2 of the first electric charge 
transfer electrode 503 so as to reduce a read voltage, the minimum electric 
field 2 12 under the second electric charge transfer electrode 504 can be 
increased by forming the type potential level difference region 215 on a 
5 downstream side in an electric charge transfer direction of Hie CCD chaimel 
region 202 under the second electric charge transfer electrode 504. 
Therefore, both a reduction in a read voltage and enhancement of a transfer 
efl&ciency can be satisfied. 

Furthermore, in the soHd-state imaging device according to 

10 Embodiment 2, by forming the type potential level difference regions 2 15 
in parts of the CCD channel region 202, n type impurity concentration of the 
it tjrpe potential level difference region 215 is set to be higher than that of 
the conventional sohd-state imaging device. Therefore, the maximum 
electric transfer charge amoimt of the vertical CCD can be increased. 

15 Furthermore, according to the method for producing a sohd-state 

imaging device according to Embodiment 2, the downstream end in an 
electric charge transfer direction of the type potential level difference 
region 215 can be formed in a self-alignment manner with respect to the first 
electric charge transfer electrode 503. . Therefore, the if' type potential level 

20 difference region 215 does not come imder the first electric charge transfer 
region 503 due to the misalignment of a mask, and a gap is not formed 
between the downstream end of the if' type potential level difference region 
2 15 and the upstream end of the first electric charge transfer electrode 503 in 
an electric charge transfer direction. Therefore, a sohd-state imaging device 

25 with a high transfer efficiency can be produced stably. 

In Embodiment 2, the case where one step of potential level difference 
is provided by forming one rf type potential level difference region 215 under 
each second electric charge transfer electrode 504 has been described and 
illustrated. However, the present invention is not limited thereto. As 

30 shown in FIG. 8 as a modified example of Embodiment 2, two or more steps of 
potential level differences may be formed by a method for forming an if^ ty^e 
potential level difference region 2 15a and an if type potential level difference 
region 215b in the CCD channel region 202 under the second electric charge 
transfer electrode 504. This further enlarges the minimum electric field 

35 imder the second electric charge transfer electrode 504. Therefore, the 
transfer efficiency can be enhanced fiirther. 
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F.mhnfiimftnt. 3 

FIG. 9Ais a plan view showing a pixel configuration in a solid-state 
imaging device according to Embodiment 3 of the present invention. FIG. 
9B is a cross-sectional view taken along a Une Il-ir shown in FIG. 9A. 
5 In FIGS. 9A and 9B, Embodiment 3 is different from Embodiment 1 

shown in FIGS. lA and IB, in that, in a CCD chaimel region 302 imder 
second electric charge transfer electrodes 504, ir type potential level 
difference regions 313 for forming a potential gradient are provided on an 
upstream side in an electric charge transfer direction, and type potential 

10 level difference regions 315 for forming a potential gradient are provided on a 
downstream side in an electric charge transfer direction. 

Next, a method for producing such a sohd-state imagiug device will be 
described with reference to FIGS. lOA, lOB, IOC, and lOD. FIGS. lOAto 
lOD are cross-sectional views in each production step for a vertical CCD 

15 shown by the cross-sectional view in FIG. 9B. 

First, as shown in FIG. lOA, a p ty^e weU 507 is formed by 
implanting a p type impurity into an n type semiconductor substrate 506. A 
CCD channel region 302 is formed by implanting an n type impurity into a 
surface region of the p type well 507. A gate insulating film 5 10 is formed by 

20 growing a thermal oxide film and a CVD nitride film on a surface of the CCD 
channel region 302. First electric charge transfer electrodes 503 are 
provided by forming a first polysilicon layer on the gate insxilating film 510, 
and removing the first polysilicon layer by patterning. 

Next, as shown in FIG. lOB, a photoresist 316a having openings on 

25 an upstream side in an electric charge transfer direction of the first electric 
charge transfer electrodes 503 is formed. Using the photoresist 316a and 
the first electric charge transfer electrodes 503 as a mask, a p type impurity 
such as boron is implanted lq a self-ahgnment manner, whereby n~ tjrpe 
potential level difference regions 313 are formed. 

30 Next, as shown in FIG. IOC, a photoresist 316b having openings on a 

downstream side in an electric charge transfer direction of the first electric 
charge transfer electrodes 503 is formed. Using the photoresist 316b and 
the first electric charge transfer electrodes 503 as a mask, a n type impurity 
sudi as boron and arsenic is implanted in a self* alignment manner, whereby 

35 rt^ type potential level difference regions 3 15 are formed. 

Next, as shown in FIG. lOD, the circumferences of the first electric 
charge transfer electrodes 503 are thermally oxidized to form an interlayer 
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insxilating film 511. Then, second electric charge transfer electrodes 504 
composed of a second polysilLcon layer are formed between the first electric 
charge transfer electrodes 503 on the gate insulating film 510, whereby a 
soUd-state imaging device according to Embodiment 3 is produced. 
5 Next, the advantages of the soUd-state imaging device thus produced 

will be described with reference to FIGS. IIA, IIB, and llC. 

FIG. llAis a cross-sectional view partially showing the vertical CCD 
shown in FIG. 9B or lOD. FIG. IIB shows a potential distribution in a 
channel region at an intermediate voltage while the vertical CCD shown in 

10 FIG. llAis driven with four-phase transfer clocks of OVl, OV3, and 
<E)V4, whereby the fixst electric charge transfer electrode 503 suppHed with 
<I)V2 changes from a middle level voltage Vvm to a low level voltage Vvl. FIG. 
lie shows a potential distribution in a channel region at an intermediate 
voltage the second electric charge transfer electrode 504 supphed with OVl 

15 changes from a middle level voltage Vvm to a low level voltage Vvl. In FIGS. 
IIB and llC, a potential is shown with the downward direction being 
positive. 

As described above, generally, the transfer eflELciency of a CCD is 
determined mainly by a fringe electric field generated between transfer 

20 electrodes. In particular, the transfer efficiency largely depends upon a 

minimum electric field imder a transfer electrode. As the minimum electric 
field is larger, a time (transfer time) required for transfer becomes shorter, 
whereby the transfer efficiency is enhanced. 

As shown in FIG. 11 A, in the sohd-state imaging device according to 

25 Embodiment 3, in order to reduce a read voltage, an electrode length LI of 
the second electric charge transfer electrode 504 is set to be longer than an 
electrode length L2 of the first electric charge transfer electrode 503. At the 
same time, the n~ type potential level difference region 313 for forming a 
potential gradient is provided on an upstream side in an electric charge 

30 transfer direction in the CCD channel region 302 under each second electric 
charge transfer electrode 304, and the type potential level difference region 
3 15 for forming a potential gradient is provided on a downstream side in an 
electric charge transfer direction. 

Consequently, as shown in FIG. IIC, under the second electric charge 

35 transfer electrode 504, two steps of potential level differences 314 are formed 
by the ir type potential level difference region 313 and the type potential 
level difference region 315 imder the second electric charge transfer electrode 
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504. A minimum electric field 312 imder the second electric charge transfer 
electrode 504 becomes larger than minimum electric fields of the sohd-state 
imaging devices according to Embodiments 1 and 2. 

Thus, in the soHd-state imaging device according to Embodiment 3, 
5 even if the electrode length LI of the second electric charge transfer electrode 
504 is set to be longer than the electrode length L2 of the first electric charge 
transfer electrode 503 so as to reduce a read voltage, the minimum electric 
field 312 imder the second electric charge transfer electrode 504 can be 
increased further by forming the rr type potential level difference region 313 

10 on an upstream side in an electric charge transfer direction, and by forming 
the type potential level difference region 315 on a downstream side in an 
electric charge transfer direction, in the CCD channel region 302 under the 
second electric charge transfer electrode 504. Therefore, both a reduction in 
a read voltage and enhancement of a transfer efficiency can be satisfied. 

15 Furthermore, according to the method for producing a sohd-state 

imaging device according to Embodiment 3, the upstream end in an electric 
charge transfer direction of the ir type potential level difference region 313 
and the downstream end in an electric charge transfer direction of the it type 
potential level difference region 315 are formed in a self- alignment manner 

20 with respect to the first electric charge transfer electrode 503. Therefore, 
the IT type potential level difference region 313 and the type potential 
level difference region 315 do not come under the first electric charge transfer 
region 503 due to the misahgnment of a mask, and a gap is not formed 
between the upstream end of the rr ty^e potential level difference region 313 

25 and the first electric charge transfer electrode 503, and between the 

downstream end of the ty^e potential level difference region 315 and the 
first electric charge transfer electrode 503. Therefore, a sohd-state imaging 
device with a high transfer efficiency can be produced stably. 

As a modified example of Embodiment 3, as shown by the plan view 

30 in FIG. 12A and the cross-sectional view in FIG. 12B, by setting an electrode 
length L2' of the first electric charge transfer electrode 303 to be shorter than 
that of the solid-state imaging devices of Embodiments 1 and 2 (L2' < L2), and 
by setting an electrode length LI' of the second charge transfer electrode 304 
to be longer than that of the sohd-state imaging devices of Embodiments 1 

35 and 2 (Ll' > Ll), a width W (FIG. 12A) of the charge read portion 305 can be 
formed wide (W > W). Therefore, while a high transfer efficiency is 
maintained, a read voltage can be reduced further, compared with the 
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solid-state imaging devices according to Embodiments 1 and 2. 
Embodiment 4 

FIG. 13Ais a plan view showing a pixel configuration in a soHd-state 
5 imaging device according to Embodiment 4 of the present iavention. FIG. 
13B is a cross-sectional view taken along a Hne II-IF shown in FIG. 13A, 

In FIGS. ISA and 13B, Embodiment 4 is different from Embodiment 
3 shown ia FIGS. 9A and 9B, ia that an upstream side portion 417 ia an 
electric charge transfer direction of the first electric charge transfer electrode 

10 403 on the CCD channel region 302 is positioned in a gap 418 between 

photoelectric converting regions adjacent to each other in an electric charge 
transfer direction. The other portions are the same as those of Embodiment 
3, so that they are denoted with the same reference numerals as those in 
Embodiment 3, and their description will be omitted here. 

15 Next, the advantages of such a solid-state imaging device will be 

described with reference to FIGS. 14A, 14B, and 14C. 

FIG. 14Ais a cross-sectional view partially showing the vertical CCD 
shown ia FIG. 13B. FIG. 14B shows a potential distribution in a channel 
region at an intermediate voltage while the vertical CCD shown in FIG. 14A 

20 is driven with four-phase transfer clocks of OVl, OV2, OV3, and OV4, 

whereby the first electric charge transfer electrode 403 supplied with OV2 
changes fi:om a middle level voltage Vvm to a low level voltage Vvl. FIG. 14C 
shows a potential distribution in a channel region at an intermediate voltage 
while the second electric charge transfer electrode 504 suppUed with <tVl 

25 changes from a middle level voltage Vvm to a low level voltage Vvl. In FIGS. 
14B and 14C, a potential is shown with the downward direction being 
positive. 

As described above, generally, the transfer efficiency of a CCD is 
determined mainly by a fringe electric field generated between transfer 

30 electrodes. In particular, the transfer efficiency largely depends upon a 

minimum electric field under a transfer electrode. As the minimum electric 
field is larger, a time (transfer time) required for transfer becomes shorter, 
whereby the transfer efficiency is enhanced. 

As shown in FIG. 14A, in the solid-state imaging device according to 

35 Embodiment 4, in order to reduce a read voltage, an electrode length LI of 
the second electric charge transfer electrode 504 is set to be longer than an 
electrode length L2 of the first electric charge transfer electrode 403. At the 
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same time, in the CCD chamiel region 302 imder the second electric charge 
transfer electrode 504, the rr type potential level difference region 313 for 
forming a potential gradient is provided on an upstream side in an electric 
charge transfer direction, and the type potential level difference region 315 
5 for forming a potential gradient is formed on a downstream side in an electric 
charge transfer direction. 

Consequently, as shown in FIG. 14C, imder the second electric charge 
transfer electrode 504, two steps of potential level differences 314 are formed 
by the ir tj^e potential level difference region 313 and the tyi^e potential 

10 level difference region 315. A minimum electric field 312 under the second 
electric charge transfer electrode 504 becomes large in the same way as in 
Embodiment 3. 

Furthermore, in the sohd state imaging device according to 
Embodiment 4, as shown in FIG. 14A, the upstream side portion 417 in an 

15 electric charge transfer direction of the first electric charge transfer electrode 
403 on the CCD channel region 302 is positioned ia the gap 418 between the 
photoelectric converting regions adjacent to each other in an electric charge 
transfer direction. More specifically, the sohd-state imaging device 
according to Embodiment 4 is configured in such a maimer that only the 

20 upstream side portion 417 in an electric charge transfer direction in the CCD 
channel region 302 under the first electric charge transfer electrode 403 is 
interposed by the type device separation region 509. 

Consequently, as shown in FIG. 14B, the narrow channel effect of the 
t5T)e device separation region 509 contributes to only the upstream side 

25 portion. Therefore, a potential gradient is formed in the CCD channel region 
imder the first electric charge transfer electrodes 403, in the same way as in 
the second electric charge transfer electrodes 504. Furthermore, a minimum 
electric field 419 under the first electric charge transfer electrode 403 
becomes larger than those of the conventional example and the soHd-state 

30 imaging devices of Embodiments 1 to 3. 

Thus, in the solid-state imaging device according to Embodiment 4, 
even if the electrode length Ll of the second electric charge transfer electrode 
504 is set to be longer than the electrode length L2 of the first electric charge 
transfer electrode 403 so as to reduce a read voltage, the minimum electric 

35 field 312 under the second electric charge transfer electrode 504 can be 

increased by forming the ir type potential level difference region 413 and the 
it type potential level difference region 415 in the CCD channel region 302 
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under the second electric charge transfer electrode 504. Therefore, both a 
reduction in a read voltage and enhancement of a transfer efi&ciency can be 
satisfied. 

Furthermore, the upstream side portion 417 in an electric charge 
5 transfer direction of the first electric charge transfer electrode 403 on the 
CCD channel region 302 is positioned in the gap 418 between the 
. photoelectric converting regions adjacent to each other in an electric charge 
transfer direction. Therefore, the minimum electric field 419 under the first 
charge transfer electrode 403 can be increased, which fiirther enhances the 
10 transfer efi&ciency of electric charge in this portion. 

In Embodiment 4, in the same way as in Embodiment 3, the case has 
been described and illustrated, where both the ir type potential level 
difference regions 313 and the type potential level difference regions 315 
are formed xmder the second electric charge transfer electrodes 504. 
15 However, as shown in FIGS. 15A and 15B, only the rr type potential level 
difference regions 313 may be formed, or as shown in FIGS. 16A and 16B, 
only the tjTpe potential level difference regions 315 may be formed. In 
either configuration, the transfer efi&ciency of electric charge under the first 
electric charge transfer electrode 403 can be enhanced in the same way. 
20 As described above, ia the sohd-state imaging device in which either 

one of the rr ty^e potential level difference region 313 and the 72+ type 
potential level difference region 315 is formed, unhke the sohd-state imaging 
device in which both the ir ty^e potential level difference region 313 and the 
type potential level difference region 315 are formed as shown in FIGS. 
25 13A and 13B, a Hthography step and an ion implantation step for forming a 
potential level difference region can be omitted, which can shorten the 
production time and reduce the production cost. 

Each embodiment has been described by way of preferable examples. 
However, the present invention is not hmited to these embodiments, and may 
30 be varied variously in a scope without departing fi:om the spirit of the present 
invention. For example, in Embodiments 1 to 4, the interline transfer t3^e 
sohd-state imaging device of an interlace system, in which two electric charge 
transfer electrodes constitute one pixel, has been descried. The present 
invention also is apphcable to an interline transfer type sohd- state imaging 
35 device of a progressive system, in which three or more electric charge transfer 
electrodes constitute one pixel. 

In each of the above embodiments, the case where the first electric 
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charge transfer electrode is formed of a first polysilicon layer, and the second 
electric charge transfer electrode is formed of a second polysiticon layer has 
been described and illustrated. The present invention also is applicable to a 
soHd-state imaging device with a single-layer electrode configuration in which 
5 the first electric charge transfer electrode and the second electric charge 
transfer electrode respectively are formed of one polysilicon film. 

The electric charge transfer electrode in each embodiment may be 
formed of a sihdde film, a polycide film, or other conductive electrode films, 
instead of a polysilicon film. 

10 As described above, according to the present invention, in order to 

reduce a read voltage, by setting the electrode length of the second electric 
charge transfer electrode to be longer than that of the first electric charge 
transfer electrode, and simultaneously by forming either one or both of the rr 
type potential level difference region and the type potential level difference 

15 region in the CCD channel region under the second electric charge transfer 
electrode, the minimum electric field under the second electric charge 
transfer electrode can be increased. Consequently, both a reduction in a 
read voltage and enhancement of a transfer efi&ciency can be satisfied. 

Furthermore, by positioning the upstream side portion in an electric 

20 charge transfer direction of the first electric charge transfer electrode on the 
CCD channel region in a gap between the photoelectric converting regions 
adjacent to each other in an electric charge transfer direction, the minimum 
electric field under the first electric charge transfer electrode also can be 
increased, which can enhance the transfer efficiency under this electrode. 

25 Consequently, the present invention has a special effect of providing a 

soUd-state imaging device with low power consumption, high-speed driving, 
and high image quahty. 

The invention may be embodied ia other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 

30 disclosed in this application are to be considered in all respects as iQustrative 
and not limiting. The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and aU changes whidi come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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